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Effects of precipitation increase on soil respiration of a Pinus yunnanensis

plantation in a dry river valley area
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Abstract: The objective was to examine the effects of global climate change inducing precipitation pattern change on soil
respiration (Rs) of Pinus yunnanensis plantation in dry river valley area of China( Shimian, Yaan, Sichuan). Based on
average annual precipitation, Four treatments were set, ie, CK( natural state), Al(increasing precipitation 10% , 80 mm
m~”a™), A2(increasing precipitation 20% , 160 mm m~ a™') and A3 (increasing precipitation 30% , 240 mm m™~ a”'

Soil respiration rate was measured using LI- 8100 monthly from Jun, 2013 to May, 2014. Results indicate that soil
respiration rate exhibited obvious seasonal variation in Pinus yunnanensis plantation, with the maximum in July and the
minimum in February. Precipitation increase treatment significantly increased Rs in A2 (by 12.88%), significantly
decreased Rs in A3 (by 17.71%) , and did not significantly affect Rs in Al. Soil respiration Q,, value calculated from soil
temperature was increased under precipitation increase treatments. The relationship between soil respiration and soil

moisture was weakened. Compared with soil temperature, soil moisture had less effect on the soil respiration. In wet season,

microbial biomass carbon ( MBC) and microbial biomass nitrogen ( MBN) were increased significantly by increasing
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precipitation. In dry season, only MBN decreased significantly under precipitation treatments. Therefore, there was a
significant effect of different increasing precipitation on soil respiration in a Pinus yunnanensis plantation in the dry river
valley area. Moderate increasing rainfall would promote soil respiration, while superfluous increasing rainfall would inhibit

soil respiration.
Key Words: increasing rainfall ; soil respiration; pinus yunnanensis plantation
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O R 22 T AR st Ak T S A X, FL A W A T 9 2 Bk D sl il R 36, 7E B4 50 & 70
AEACHN 90 ARAUZE S i IX [k B 2 52 B THEaH UL 2000 4F 0 31 /K B B S 48 , A BT B TIED 90 4REAR
WK IG TN 48% , 5 BAAA (Pinus yunnanensis) J& 1% X Z AN TARB I B E T 2 B AR T AR SN
WA SEGE PRI, ASBIESE LA ST A X 22 R AR N MO R 42 G W S 38 T B R AR A S IR FR 2
B A IR AN DX ARAR S RRA B A X ok 7K A A By i 1075 365 37 2 (R R Al s

1 #MREFE

1.1 X5 AL

T 5 XA, DU 14 28 T A F EL B2 9 (N29°1470307, E102°217882") , i Hbu X i T~ rp 43 18 W 30y 4 11 < 0%
X, AAXFI % EEH IR . TR0 M s e DGR 2 , B i, &l
il T U S 22 R RS DX R ML B Y T R A X, AEREK R 801.3 mm, FEK 2 T 6—9 H i, 2054
AR 82.2% AR 16.9 °C o BB T A AR EXS 20 LU g T FHIEF L AL (HEFIK 24 1145 m) ikl
SN TIAR DX 330 (367 vp s JRE 3 0) A TN, [RIINEAR 3 & 52 LR (AR AT 0.7)
MHL N T ARJZ VA = ma s 8 £ CFIIR T 10.6 m, “FEIHG1E 14.8 cm) , BEARJZ LN 8- 2E 85 9 ( Bauhinia faberi
var. Microphylla) JR % ( Sophora viciifolia) 5 3, ¥ HFR G, BA 2 LU iR 2 (Arisaema shihmienense H. Li) |
T EE (Andropogon yunnanensis Hack.) (2% F-2F ( Festuca modesta Steud.) %5, HE W 35 60—75% ., PR T
FHRE YA R 1—2 em, HIELVEARIE L F, L2 R T 30 em, TR (HIEIRFS KE) 4F
B1K(45.2121.47) % , T AT (1.2420.16) g/cm’,0—15 em TIE BB A S5 H (24.86+3.18) g/ke
F(1.34+0.35) g/kg,
1.2 B
121 it

2013 4 5 H T RN TARH B S R A A — B0 12 > 4 mx4 m (I9FETr . BEHLIX AT, 1T AR
FAZKSE D5 ] (BP S3m EE B A 5 1)) B 3 A AT IR XA R XN E 4 DR BT R i
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KT 2 m T IEAEG W AR A PVC AR (EATREE 15 em) , HIWZE T B IE bR AR A, (AR5
2 B KA

MK R B KB X IR ( CK 4E3G /K 0 mm/m?) (10% (A1, 4E3G /K& 80 mm/m?) [ /K48 i
20% (A2, AEHG K 160 mm/m?) FIRAEKIG I 30% (A3, 4E 8K & 240 mm/m?) 4 NI, &0 3E 3 DEE
B K i DLIZ M X 2 A AT R 7K B 801.3 mm Ay SR e K /K it 48% K ( REESE, 2009) , AFH/KETTHE
AR K G (mm) = AR K i (mm/m?® ) x37K 40 (%) x B T (m?) .

KA EARTT R TR S A ARBE K PRRE— 3, AR IFIE X AR K A A3 A i 0, W A A3 K b B 43
R ACHEE T 2013 45 6 HE 2014 45 5 A, 30t 1a, T3 2B MK R 5 F KR 20%, 35 8
AH(1—5 F110—12 A4y Kb 245 A A 3 Wtk A7, RIAEH (9 515 A1 25 5 BRI IR R 1 Nk 25
Ko W2 LK) AR KR 80% , 3 4 A H (6—9 H4y) kb 5 T4 (£ 1), BekiE
HAAR BR/IME Bk (L) = A BU/MET K E (mm) X1 L/mm, 1 L/mm Ry FEK & 57K 4
RRE, BekOr = RSB K B T B K S 3 S AR I R A IME T Y

R1 B[LEKRFFRIFMMETEKE

Table 1 Increasing amount of water dry-wet season in the small quadrat on each level

fhg T MR B K R K FER ek i
; The quantity of water of dry The quantity of water on The quantity of water on The watering quantity on
Treatments . .
and wet season/mm each month/mm each time/mm each time/L
CK 0+0* 0+0 0+0 0+0
Al 256+1024 324256 10.7+85.3 10.7+85.3
A2 512+2049 64+512 21.3+170.7 21.3+170.7
A3 768+3072 96+768 32.0+256 32.0+256

# CK, XFHE Control; A1, 347K 10% Precipitation +10% ; A2, 47K 20% Precipitation +20% ; A3 47Kt 30% Precipitation +30% ; #/il1°5
AT A iR

1.2.2  HHERPI N E

FEASFE T N BENLAT & 2 IR IR (2ET1 24 4S)  IFIR IR 30 tH T 29 2 em, FTATRFICEAYS By N AR R 20
em =K 8 em ZEATHY PVC A HIAL, M 2013 4F 6 H 453 2014 4 5 H 728 10—14 5 (P I0REKHT 1—
4 d) ZBEPETCRHI Y — K, 7E 9:00—12:00 B9 3 h N LI-8100 JF i# 3 4~ 1 fe e 72 I & R 48 (LI-COR Inc.,
Lincoln, Nebraska, USA) M 1 3ENEME 24 AP EREERIE 3 K, LAY H IO S (R AE iz H + 30T
W2 3o 23 1) -S4
1.2.3 TR AR R e

FIH Apresys IR0 54X (UTH-179, Apresys, USA) M5 43815 B FIVR B sh 5484k, M 2013 4F 6 HFF
1HF) 2014 4E 5 A 4550 AR B (£ F 10 em Z247 ) 18 34X, AU B E 42K 24 h BB% 3 hidst—k+
T R AR R B T AR I 0 SR8 DB | 70 o - S P U
1.2.4  HIERAYAE Y Rk A0 E

2014 4£ 9 J (R4 F12015 4E 5 A (TRER) TS R LR A2, 4 (@=5 em) R
BERIZ(0—15 em) HHEFES  IFPRIC R4S LIEEIN 2 | AR R SL 12 48 T A ek R T A 0 22 25 -
PR P B2 I3 3 B A LA U € 1 ( Shimadzu model TOC-VcPH+TNM-1, Kyoto, Japan) et
1.3 Hdab

K H Microsoft Office Excel 2003 {448 BREHE A2z i K1 3% , I F FH SPSS19.0(SPSS Inc., USA) #fFit4T
GEiT AT R R | R | BT R - R A s ik R T A I T 22 50 BT ( Repeated
measures ANOVA) | Rl fe/N B3 228505 (LSD %) 7 28 Heds , XPARY - 980 Wi sk 8 1A 2 + 3P i i
TR ZE 7 22081 (One—way ANOVA) Fil LSD ik 2 8 L #, F FHZ M FE S MBI X + S8 R 5 + 48
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Y, Ry HAREILE] 10 C 1Y L IERFIR A A | R O -5 SR B2 AR R ) S0 - eI AR e S 88, b O 3
I8 8 2365 - S99 B 18] Fh 48 B0 A5 4L & S50, T AR R 3R >
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MBC=[ (TC,~IC,) ~(TC,~IC,) 1/ K, MBN=(TN,~TN, ) /K,

o, MBC MU= Y4 W) 85k ( Microbial biomass carbon) , TC, A BEZEAE 5 K | IC, R BEZEAE S TCHLER , TC, h
AR BEZERE R | 1C, A B2 Z84F S JOHLAR , MBN 64 94 9 5 2 ( Microbial biomass nitrogen) , TN, 4 BE 78 F
ARV, TN, AR B ZEFE AL AR K K AT BRSO A e U R 50

2 FHRE5S

2.1 BT RO I R A 5
RPN T AR+ SR B B I AT 3 A (B 1A) &AL BRIE) T .35 2% 5 (P>0.05) , ARIALFKSEF
T HERESLL T A, 1 A B AR 15.9 € (CK) (15.6 C (A1) 15.4 °C (A2) F115.5 °C(A3),
WK 1B Al UL AR F 308 B I B0 B ERE BNE 2 (6—9 A) H3BE S, T2 (10 H—IR4ES
FAR, {BFAAE B2 00 F 22 5 (P>0.05) , T35 3 MK BIIR A 5 T CK, {HAL PR ] JE ] 2 22 5% ( P>
0.05) ., FALFRAERIRIE /2910 45.21% (CK) 46.00% (A1) 46.42% ( A2) F1 46.82% (A3) , Horp A2 Fi1 A3 5
CK A W F 22 5% (P<0.05) .
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B1 ZESAAIRSLAETEREEMEENSTEN(EHELRER),
Fig.1 Seasonal variations of soil temperature, and soil moisture among different treatments in the Pinus yunnanensis plantation ( mean+
SE).
A HIEIRE Soil temperature; B 3R Soil moisture; CK; XF I Control; A1;387K 4 10% Precipitation +10% ; A2 37K 20% Precipitation
+20%; A3 47K 1 30% Precipitation +30% ; 47 AR U 2 VR BE R 10 em, BANE0HE SR 5 H ML A Soil temperature and

moisture measurement depth are 10 cm. Each value in the plot represents the average value of sech site on measurement month
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2.2 BEIMRE KOS - SE I S A 5 )

HH L 2 AT = A N AR b B A SRR e sk 3 A I 0 0 H 30,7 H e, 2 H A, 5 138 B i 722
feiaHlm, I 3 i A, CK AY4EY L 3R I 53 Rk (2.58£1.40) pmol m™> s~ AEHERL A9 8% by (981.89 +
45.02) g/m’, HEKALELSE AL A2 FI A3 AFEH A HEE I 3 R 43 5] R (2.36+1.20) wmol m™ s (2.91+1.90)
pmol m™ s™' F1(2.12+£1.28) wmol m™> ™" AFEHEHHR 7371 47 (898.91+38.40) g/m*, (1109.02+60.27) g/m’ il
(807.47+40.83) g¢/m*, EEME TRV, AL 5 CK LB FHHEZEF(P>0.05) A2 B FH Lk T + ey
(P<0.05) ,#HEL CK ¥4I T 12.88%, 1fii A3 B AN T 1 0F (P<0.05) , fHEL CK FEIR T 17.71%, 4% 2
AR T 22 BT R I, A2 BEEE T A A TR 4 CO, R, A3 B B3 3% CO, HE(E 2) .
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Fig.2 Monthly dynamics of soil respitation in each treatment in the Pinus yunnanensis plantation( mean+SD)

CK: X # Control; Al:3#/K# 10% Precipitation +10% ; A2 ;387K 1t 20% Precipitation +20% ; A3 37K 30% Precipitation +30% ; A [FFHEER

7 [A) H A TR Ak L] 22 57 . 3% ( P<0.05) Different letter mean significant different of soil respiration among different treatments within the same month

(P<0.05)

2.3 R AR 5 A R G R

AR 25 A 3 SR o 4R g R B 5 0 3 TSRO R (18 4, R 2) BT - 0 B8 i) - S 0 R 0 2
JEEE(0,0) 733 1.95(CK) (2.01 (A1) 2.59(A2) 2.77(A3) , Hirh A2 il A3 5 CK AW i 2 %1k (P<0.
05) , % CK 433 T 32.00% F1 42.00% , X6, 38K 45 1 39012 A it P e

®2 TEWREXRSHIERENEEAESHCHYEAREE, n=12)

Table 2 Coefficients for the relationship models betwewn the soil respiration rate and soil temprature ( mean+SD)

AbFE Treatments BT * Model P R? Qo
CK Ry =0.774e%%7! <0.05 0.496 1.95a
Al Ry =0.690¢"" <0.05 0.526 2.0la
A2 Ry =0.543¢%0%! <0.05 0.575 2.59h
A3 Rg=0.355¢"""" <0.05 0.746 2.77b

* R =oe By 48 KB Y index model; R, : A+ I I 3R soil respiration rate; ¢ + HEIEE soil temperature; o B Kl AHZ8 « and B:

fitting parameters
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B3 ZEMAIRSABEESTBEIFREEMERRTETR(FHEAREE)
Fig.3 Annual average soil respiration rates and cumulative soil respiration among different treatments in the Pinus yunnanensis
plantation( mean+SD)
A A L IEREIR 2K Annual average soil respiration rates; B : 4F SRR+ 3EIFIE Annual cumulative soil respiration; CK: %I Control; A1 .37k &
10% Precipitation +10% ; A2.347K 4 20% Precipitation +20% ; A3; #47K 4 30% Precipitation +30% ; AR 7 BEFe7R [A] H A [l b B 0] 22 5 3%

(P<0.05) Different letter mean significant different of soil respiration among different treatments ( P<0.05)

SR UL MR B ok B P AR AU 1 S 6 ¢

HEFHOREICR (B 5A B, % 3), 45 R WoRgk s X s .
DiRERTARREA T 45 AL TR LSV A SR 18, T T 4 A2 ) 3

60%—60.40% , H6 £ #& P i 19.409%—65.40% , 37K
ARFREPRAN LE 5 RE Y RAME B B /N T CK, X KB, 1
IKBEART LRI 5 FIER R

R TN A SRR X A ST 1 5 e N B B A1 e
BRI ikt D S 4 T W 5k R 5% Ak R 10 °C B
P - SFEE IR R (R, ), IRV e HE L 1 R4 %50 o K50t
FAUALE T 10 °C B A9 - B8P I 53 e 15 -+ 1 B 1) G R 0

e i 3
Soil respiration rate/(umol-m™2-s™")
w

(P 5C.D, 323), G5SRER PRI A 49 A 5] i Y e »
FKT et ) BB T 45 AR ER 10 °C B (1) -+ 30T Soil temperature/°C

W R H SRy 1.80%—6:50%, RO R AR R o AT S R R R
2.50%—9.80% , 225 it fik R* B Lk S B AT WL T Fig. 4  Relationship between soil respiration rates and soil
(I B, 38 7K Ak A P A 105 7 B2 09 RPAEW W /DT temperature among  different treatments in  the Pinus
CK, AHICASEMEG 5 + R E OC R, R EEXT & yunnanensis plantation
SFE P 33 2R 1 10 °C B 1 -S98R I8 3 2% 1 2 S fi et 1y CK % Jf Control; Al.347K 4 10% Precipitation +10%; A2.3§7K
(T - ST R - R (17 S Rt A Bk 1 20% Precipitation +20% ; A3 ;3 7/K4E 30% Precipitation +30%
AALREAR T RIS R EE A G R N H S IR
JERALE , 33000 B 0T L SRR 4 52 MRl AR X 5N o
2.4 HEINREAON T HERAE Wy A e ik R B RS

M 6 AT FE 1B EEE A S, B KA (B A3 Sb) By T A A= s i 5 5 T, A2 B, A CK Y
2.4913% ;3 AN K AL B A4 i B A A B T CK(P<0.05) , 439148 CK T8 T 38.84% (A1) ,258.22%
(A2) M 115.91% (A3) . TZ45HG , 2 A0 B E] - 3RAE YA Ui ik 2 5200 W P 22 57 (P>0.05) | TG 7K Ak
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.H < .H <
-"&:&é * 0, g&é * 0 4
;.S 2y L ;5 2 Rz .2 X
&R u] * > B [a] x___0O
& A O & [a]
g1t I . g1t R
= & N, = 2 N,
;/]6 X g X
0 1 1 1 ] 0 1 1 1 ]
4 44 46 48 50 4 44 46 48 50

+ R B Soil misture/%

E5 ZEMAIRSAETEFRERRRAENLE 10 CHIEFRERS TERENXER
Fig.5 Relationship between soil respiration rates( normalized soil respiration using the fit of Q,, function at 10 °C) and soil moisture among
different treatments in the Pinus yunnanensis plantation
A ST o 5 5 4 I E A 26 7 56 &R linear relationship between R, and ¢; B 4 HEWF I i 2R 5 + HEI F 1935 $0 6 & Index relationship
between R, and m; C.ARifEALE] 10 °C i+ HEVE 0 i 2% 5 + R JE AL S R linear relationship between Ry, and m; D hrifEqL 3] 10 °C i 448
WP 3k R 5 - SN B (5 4056 & Index relationship between R, and m; CK: Xf [ Control; Al:37K 4 10% Precipitation +10%; A2 347K &
20% Precipitation +20% ; A3 3% /KH 30% Precipitation +30%

®3 TEWREERARENE 10 CHTEFRERS T ERENAMNERFELS CPHEAMERE, n=12)
Table 3 Coefficients for the relationship models betwewn the soil respiration rate ( normalized soil respiration using the fit of Q,, function at 10

°C) and soil moisture ( mean+SD)

b3 it

FRUEALE] 10 °C I AR 7Y

Treatments Model P R? Model at 10 C P R?
CK Ry=0.73Tm-30.748 0.003 0.604 R0 =0.116m-3.640 0.422 0.065
Ry =1.437x1074e0315m 0.001 0.654 R0 =0.029¢0-087m 0.322 0.098
Al Ry=0.407m-16.373 0.162 0.186 Ry, =0.057m-1.133 0.680 0.018
Rg=2.000% 1074202 0.152 0.194 Rg=0.069¢%0™ 0.521 0.042
A2 Rg=0.935m—40.472 0.084 0.268 Rg10=0.058m—1.131 0.796 0.007
Rg=2.873x1078.0-32m 0.060 0.310 Ry =0.047¢07m 0.623 0.025
A3 Rg=0.604m-26.161 0.055 0.321 Rg10=0.069m~2.19 0.516 0.043
Ry =1.794x1077 0-3%m 0.041 0.354 Ry =0.049¢0064m 0.493 0.048

# R, =am+b NLEMEAER linear model; R, =aef™ NHEHUHER index model; R, : +IENTIE H K soil respiration rate; Ry, FAREILE] 10 CHFEH 4
T 3 % s0il respiration rate at 10 °C ; m. TR soil moisture ; o Fll 8 FIESEL o and B: fitting parameters; a il b FWESE a and b fitting

parameters
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PR AR RS AL CK A W R (P<0.05) , o A3 fik, {Uh CK 1 37.00% , MG HT R (£ 4), T
M2 TP R IR E Y A W A A B R ARG R R A A R IR AR Y A e RS
I 9K R A 5 R B0 A 0.912( P<0.01) F10.752( P<0.05) , T Z= 4 0.763 ( P<0.05) F1 0.857 ( P<0.01) ,

OCK OAl BEA2 OA3

12 ¢ 0.12
d
2 09t § £ 009
Ny ~
2 K 5
=3 22 .
g £
HY 06 b a . H g 006} -
Rg a a ES S
.2 T H S b e
5 a a I &
€3 R €2 .
S 03} I e 5 003 |
g 3
= =
0 i) i I 0 L
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H A Date

E6 ZEMAINTESRLETEREMEDER RSE( THEARER)
Fig.6 Soil microbial biomass carbon and nitrogen content among different treatments in the Pinus yunnanensis plantation after dry and wet

season ( mean+SE)
A EIERE Y A W) soil microbial biomass carbon; B H3EfA: W1 A= W) it A soil microbial biomass nitrogen; CK: X} f# Control; Al 387K &
10% Precipitation +10% ; A2 47K 20% Precipitation +20% ; A3 ;347K & 30% Precipitation +30% ; A [a] 55 2R AS [R] 4b # 7] 22 57 . 3 (P<O0.

05) Different letter mean significant different of soil respiration among different treatments( P<0.05)
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Table 4 Correlation coefficients between soil respiration rates and MBC, MBN after dry and wet season

F17 Season A W W B MBC L R A T MBN
MEZE wet season 0.912 0.752
T2 dry season 0.763 0.857
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MEEEEAR A 1) M R AR A S A 1 Btk A 55 10, 2 T SN IR o2 28 A1

TR S TRSEET REIX oK 5 8 158K 43 il 3h 25 5 (i + HEnF il AR £S5 1 R @ . Holt
SRR R 25 M ALFR ARG T 52 A AR bK LN IR 52 v 2 B, R K B8 fin ol 45 L SR IR 4 i T 3 %
T 7E P 5 85 R RFAE LA 25 55 AR H - ST % 52 68 K 398 o 1 52 o B St e 0 01 AR ST R WD, A6 R [R] 46 K
T T SRR e R AN A Y, A1 AR B AR Y P R 5 CK T 25 5% (P>0.05) , A2 W2
PR T - ENEI (P<0.05) , i A3 B4l 1 3P (P<0.05) o 32 A R K 3 25 3 30 K o 14
BN A O AR BN T KA A SRR S T A 8 e R S {H Bt K ARG, 4
Bk RS T R A il HEFL BRI 2 R U E W A AR R 5 R, SRR 2 B ) A
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